The mining activity provides significant benefits to society with strong passions, but it should be sustainably planned and controlled. Clay mining activity is widely used in all parts of the world which impact on drying of wells and rehabilitation problems in large scale. Clay is a natural and earthy fine-grained material which contains a significant amount of minerals in the form of crystalline hydrous silicate material. 
Introduction
Water is consider as one of the most precious resources for all the living organisms on Earth. They are very prominent and efficient in the molding earth's topography by carrying enormous quantities of water from the land towards the sea. Anthropogenic activities like the discharge of industrial, domestic and major wastes have caused problems to the rivers in the form of pollution. To evaluate the suitability of drinking water existing methods of analysis have not given a global vision on temporal and spatial trends for the overall water quality. To measure the suitability of water for drinking Water Quality Index (WQI) is a useful tool for conveying information regarding the pollution status of the river. Initially, Horton [1] and Brown et al. [2] evaluated the standard for assessing the suitability of drinking water. In existing, several numerous methods were developed for calculating the quality of water. Also, many researchers developed a mathematical based numerical expression for evaluating the quality of the water. [2] [3] [4] [5] [6] [7] Generally to understand the clear understanding of the water quality indexing tools were used for better transformation of information [8] when their specific inherent limitations were taken into consideration. [7, [9] [10] [11] Management decisionmaking and policy-making are the important parameters for the evaluation of water quality index factors. Through the experimental observations, it was identified that phosphate, nitrate, and solids are existed in the water [12] .
The demand for secondary minerals has been rising exponentially in the state of Kerala over the years to meet its ever increasing requirements towards the construction sector. Mining and quarrying are one of the critical areas of significance in the state of Kerala, which has low capita in land, lesser population density and available natural resources. Clay is the earliest and most comprehensive mineral resource used in the construction industry both as a building material and as a foundation structure. [13, 14] There are about 400 tile factories and 5,000 brick kilns spread over the entire state. [15] The fast bound development and uncontrolled exploitation of natural resources lead to water and air pollution, which further limits freshwater availability. In Kerala, out of 1001 panchayats, only 300 are facilitated with the supply of safe and protected water; the remaining 70% depend on local water sources. People depend mainly on groundwater sources to satiate their domestic needs in these areas, and open dug wells serve as the major water extraction structure in the state. On an average, the density of these wells per sq. Km is 200 in the coastal belt, l50 in Midlands and 70 in the highlands. [16] There are more than 44 rivers in Kerala; however, these rivers are considered to be polluted by untreated domestic water, agriculture and industrial wastes all flow into these water bodies. Also, most of the industries in Kerala are deemed to thickly populated by the riverside specifically near the towns and cities. In Kerala, there is a lack of proper water treatment system in city industries and municipalities [17] . It was found that there are various minerals and soil types in Kerala with different types of mineral deposits such as steatite, gemstones, lime shell, granite (dimension stone), magnesite, limestone, gold, bauxite, and so on.
This study has aimed to evaluate the clay mining effect on the chemical and physical characteristics of drinking water sources around the mining zone. The study area is found in the catchment of Kuppam-Payangadi, which is one of the west flowing rivers in Kerala in the sedimentary rock formation. The study has made use of physicochemical characteristics like pH, colour, turbidity, total dissolved solids, total hardness, total alkalinity, chloride (Cl), sulphate (SO 4 ), calcium (Ca), magnesium (Mg), iron (Fe), sodium (Na), potassium(K), silica (SiO 2 ), chemical oxygen demand (COD) in water during pre and post monsoon conditions. Our study is based on WHO specification and is by the APHA standards.
Literature Review
Various researchers conducted studies with regards to premonsoon and post-monsoon impacts, and this section provides an overall summary of the existing research work carried in the water management field of research. Sudhakar and Hemant [18] studied the open well water quality in Varangaon region with the aid of physicochemical methods to assess the effect of pre-monsoon and post-monsoon impacts. The study findings revealed that the quality of drinking water during the pre-monsoon season is better than that of the post monsoon season. Also, the water source does not pose any harm to local inhabitants though the hardness level is higher than 200 mg/l. In the same context, Gaur et al. [19] aimed to determine the quality of water in 15 regions of Uttarakhand, India. These research findings revealed that heavy metals like Al, Pb, Mn, Cd, Ba, Co, Cu, Cr, and Fe were determined in the ground water samples using ICP mass spectroscopy. Further, this research revealed that the alkalinity is above the Bureau of Indian Standards (BIS) permissible level.
Thomas et al. [20] also aimed to study the physicochemical parameters to assess the quality of potable water in the Eloor industrial area, Kerala. The study results revealed after comparing with the WHO guidelines IS: 10500, 1991 and 2006, pH, total hardness, concentration of iron, Zinc fluoride were not within the acceptable range. Chand [21] reported a study on the quality of groundwater in the district of Palakkad, Kerala. The study findings revealed the presence of high fluoride content in Palghat district and the higher value is considered to be present in the samples from Kopanur (5.75 ppm). Murugan [22] studied the quality of ground water in the district of Pathanamthitta, Kerala by 20 samples. The study findings revealed that there is a rise in the range of minerals in water during post monsoon period when compared to the pre-monsoon period. Yadav and Khan [23] analyzed the quality of ground water in Todaraisingh Tehsil Tonk district by considering north, east, south, the central part and west of Rajasthan, India. In this state, there are about 83,200 villages and habitations which suffer from fluoride issues. Also, the study revealed that fluoride content in this study ranged from 0.35 mg/L to 9 mg/L. Dohare et al. [24] aimed at assessing the quality of ground water with the aid of physicochemical methods to mark the WQI for the ground water of Indore City and its nearby industrial area. The study findings reveal that most of the water quality parameters were slightly higher during the rainy season than in the dry season. Through the review it is observed that several authors have conducted bore well, open well studies in Kerala for each district during different seasons both physically and chemically. However, the present study is unique because the analysis of test parameters is based on WHO specification and is by the APHA standards.
Physicochemical parameters of the APHA Standard
In the year of 1872, APHA standard are developed by public health professionals of about 50,000 members and 77 public health occupations. This specification defined necessary Physicochemical Parameters to promote and protect the environmental and personal health [25] . As per, the standard potable water should contain only permissible limits of various physicochemical parameters. Water contains different kinds of dissolved, floating or solvent microbiological impurities. Hence, the testing of water before domestic, industrial and drinking purposes is critical. Analyses were performed for various physicochemical parameters. The selection of these parameters depends mainly on the purpose of usage, and also the purity and quality requirement. The testing may performed in two types namely physical and chemical. The former will test physical appearances such as color, temperature, smell, pH, TDS, turbidity, and the latter is performed for testing dissolved oxygen, BOD, alkalinity, COD hardness and other parameters.
High purity water can obtained by testing traces of contents such as organic pesticide, heavy metals and so on. Therefore, drinking water must pass through all the above tests and should contain the necessary mineral content in permissible levels. It was found that physicochemical parameters were resolute using standard methods prescribed by APHA [26] and ASTM International [27] . There exist different physicochemical parameters which they are frequently tested to monitor the water quality. [28] such as temperature [29] , pH [30] , Carbon-Dioxide [31] , alkalinity [28] , carbonate [32] , bicarbonate, total dissolved solids [33] [34] [35] , chloride [36] and total hardness [37] in water.
Materials and Methods
Materials adopted for predicting the suitability of drinking water is based on APHA standard for analysis. This research uses Suitability Sites Occurrence Model (SSOM) for predicting the suitability of drinking water. To examine the impact of clay mining activity on drinking water the study area considered in this research are Payangadi, Kannur District in Kerala. The data collection adopted in the present study is quantitative methodology wherein water samples are collected from October 2014, and May 2015. The study has considered 15 samples from the wells WE1 to WE7 on the east side of the mining area and WW1 to WW7 on the west side and WM of the mining area in the current study during the pre-monsoon and post-monsoon period.
Study Parameters:
In order evaluate the water capability for drinking purpose as per APHA standard composite of variables were measured. The physicochemical characteristics such as pH, Colour, turbidity, TDS, total hardness, total alkalinity, Cl-, SO 4 2-, Ca, Mg, Fe, Na, K, SiO 2 
Results and Discussion
Monitoring the water resources quantifies the water quality and density impairments, and policy makers make use of the land use decisions which does not include naturally preserved areas. To mitigate the effects of human society in the natural water sources, it is becoming progressively important to apply complete monitoring of water quality in these regions .
The present study has adopted APHA standard where Figure  1 represents the geographical location of study area. The monitored values of physicochemical parameters such as pH, color, turbidity, total dissolved solid, total hardness, total alkalinity, chloride of Madai clay water samples are found. Those parameters are classified based on the wells WE1 to WE7 on the east side of the mining area and WW1 to WW7 on the west side and WM of the mining area [43, 44] . Also, Figure 2 and Figure 3 represent the graphical representation of physicochemical parameters during the pre-monsoon and post-monsoon period. It is found that the mine sample has the higher value regarding total dissolved solids during both pre-monsoon and post-monsoon samples which are evident from figure 2 and figure 3. Also, it is found that post-monsoon season has a gradual increase of mineral content in water than that of the pre-monsoon.
Test Results:
The study has collected data from the October 2014 and May 2015. In this context, the study has considered 15 samples these are measured using the test Table 1 presented below represents the parameters involved along with the test method. Figure 4 represents the mining sample which uses the test parameters. From this figure, it is found that APHA 2012 (part 2540) has the higher test result. Figure 5 represents the mining sample utilizing the test parameters. It is found that APHA 2012 (part 2540) has the higher test result. From the figure 4 , it was found that total dissolved solvent has the highest test result after mining the sample during the months of May and April 2015.
Statistical Analysis: A paired samples t-test is used to compare two related means. It tests the null hypothesis that the difference between two related means is 0. Table 2 represents the t-test values for the pre-monsoon and postmonsoon. It is found that when p<0.05, it indicates there exists a difference between pre-monsoon and post-monsoon effects of a specific characteristic whereas p>0.05 indicates no difference between pre-monsoon and post-monsoon season. The statistical significance value (p-value) clearly reveals that pre and post monsoon effects do not pose changes in the pH color, total hardness, chloride, magnesium, iron, and silica of both east and west lying wells to the mining area. Whereas in the turbidity, total alkalinity, and total dissolved solids there is no difference on the east lying wells from the mine sample and there is a difference on the west lying wells from the mine sample in which higher significance value in the pre-monsoon season. In the case of sodium and COD, there is no difference on the west lying wells from the mine sample, and there exist a difference in the east lying wells from the mine sample in which higher significance value in the pre-monsoon season. However, there is a difference on the west lying wells and east lying wells from the mine sample in the case of sulphate, calcium, and potassium with the higher significance value in the pre-monsoon season. From this paired test it is found that pre-monsoon has the greater significance than that of the post-monsoon.
Findings
The current study has considered IS 10500:2012 and WHO 2012 standards to identify permissible limits of physicochemical parameters in water. The study has found that in the in selected water samples an average of 38.57% water are collected in pre-monsoon, and 61.53% of the samples are selected in post-monsoon as shown in Table 3 and Table 4 . In the pre-monsoon season, 20% of the water samples are found to be lying within the permissible limits stated for total hardness in water (IS-10500:2012) whereas only 13.33% of post-monsoon water samples are found to be lying within the permissible limits. The present study results revealed that the average of 86.66% of the water samples are found to be lying within the permissible limit stated for total alkalinity in water (IS-10500:2012). However, there is no difference between pre-monsoon and post-monsoon impact due to clay mining activity.
The pH value ranges between 2.5 to 6.3 in which is within the permissible limit stated for pH in water (IS-10500:2012) for both monsoons. The color value ranges from 0 to 18 which is 6.67% water limit stated for color in water (IS-10500:2012). The turbidity value ranges from 0 to 25 in the pre-monsoon in which none of the water samples falls within the permissible limit stated for turbidity in water (IS-10500:2012). However, in the post-monsoon the value ranges from 0.1 to 28 in which 6.67% of water samples found to be within the permissible stated for turbidity in water (IS-10500:2012). In the case of TDS, value ranges from 200 to 4500 in which 73.33% of water samples found to be within the permissible stated for TDS in water (IS-10500:2012) in pre-monsoon, and 86.67% of water samples found to be within the allowable stated for TDS in water in post-monsoon. The total hardness value ranges from 120 to 2900 in pre-monsoon and post-monsoon in which 20% of water samples found to be within the permissible stated of total hardness in water (IS-10500:2012) in pre-monsoon and 13.33% of water samples found to be within the allowable stated for total hardness.
Total alkalinity value ranges from 0 to 230 in pre-monsoon and post-monsoon in which 86.66% of water samples found to be within the permissible stated for total alkalinity in water (IS-10500:2012) in both pre-monsoon and postmonsoon. In chloride, the value ranges from 30 to 435 in the pre-monsoon and post-monsoon in which 73.33% of water Licensed Under Creative Commons Attribution CC BY samples found to be within the permissible stated for chloride in water (IS-10500:2012) in pre-monsoon, and 66.66% of water samples found to be within the permissible stated for chloride in water. The sulphate value ranges from 11 to 2800 in pre-monsoon and post-monsoon in which 33.33% of water samples found to be within the permissible stated for sulphate in water (IS-10500:2012) in both premonsoon and post-monsoon. The calcium value ranges from 30 to 900 in both pre-monsoon and post-monsoon in which 46.66% of water samples found to be within the permissible stated for calcium in water (IS-10500:2012). The magnesium value ranges from 10 to 200 in both premonsoon and post-monsoon in which 66.66% of water samples found to be within the permissible stated for magnesium in water (IS-10500:2012) whereas in premonsoon 60% of water samples found to be within the allowable limit stated for magnesium.
In the case of iron, the value ranges from 0 to 190 for both monsoons in which 13.33% of water samples found to be within the permissible stated of iron in water (IS-10500:2012) in pre-monsoon and post-monsoon. The silica value ranges from 1.0 to 90 in both pre-monsoon and postmonsoon in which the 6.67% of water samples found to be within the permissible stated for silica in water (IS-10500:2012). The COD value ranges from 35 to 250 of water samples found to be within the allowable stated for COD is water (IS-10500:2012) in both pre-monsoon and post-monsoon. However, the concentration of the potassium in drinking water is small. Even though a significant amount of emetic effect has found, the environment protection agency (EPA) does not found any maximum permissible limit [37] .
Conclusion
This study concentrated on quality assessment parameters of water with different parameters pH, salinity, TDS and evaluated for acceptable limit based on WHO and IS-10500:2012 drinking water quality standards. The findings of the study revealed that the quality of drinking water is considerably affected by clay mining activity for the average water sample level of 30.09% as per the IS-10500:2012 and WHO 2012. The evaluation of water samples is carried by considering monsoon impact on physiochemical parameters of water. The analyses results demonstrate that clay mining activity in particular region affects the quality of drinking water which makes unfit for drinking. The reason which makes water not suitable for drinking is due to clay mining activity mineral level get degrades in water. Among different minerals potassium content in water is drastically reduced which may lead to serious health impacts like hypokalaemia and other health hazards. Hence to make water suitable for drinking appropriate clay mining method need to be adopt by evaluating the clay level and sociological factors involved in the mining region. To overcome these issues pumping and diversion of water will be utilized to make water more suitable for drinking. Water diversion can be performed by directing the water area for living places or by storing the water by constructing dam for future applications.
Future Scope
Even though this research concentrates on clay mining activity of particular state alone, it provides a broader view of the impact of mining activity in drinking water. This research can be further enhanced by evaluating mining activity impact all over India and worldwide. Further in future, it may assessed by examining the socio-economic factors involved in the suitability of water due to mining activity.
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